Abstract. The beam optics of a multi-sample sputter ion source, based on the NEC MCSNICS, has been modified to accommodate cathode voltages higher than 5 kV and dispenses with the nominal extractor. The cathode voltage in Cs sputter sources plays the role of the classical extractor accomplishing the acceleration of beam particles from eV to keV energy, minimizing space charge effects and interactions between the beam and residual gas. The higher the cathode voltage, the smaller are these contributions to the emittance growth. The higher cathode voltage also raises the Child's law limit on the Cs current resulting in substantially increased output. The incidental focusing role of the extractor is reallocated to a deceleration Einzel lens and the velocity change needed to match to the pre-acceleration tube goes to a new electrode at the tube entrance. All electrodes are large enough to ensure that the beam fills less than 30% of the aperture to minimize aberrations. The improvements are applicable to sputter sources generally.
Introduction
A sputter source operates by delivering neutral Cs to a hot surface where it is ionized, then accelerated in an electric field towards a sample that is sputtered by the energetic Cs ions. Some of the sample material will be ejected as negative ions that are then focused and transported for injection into a tandem accelerator. Major components of our ion source are shown schematically in figure 1.
The primary difference between this source and higher intensity sources was the magnitude of the sputtering Cs current. Furthermore, the maximum Cs current was not limited by the flow of neutral Cs to the ionizer, but fundamentally constrained by Child's law -a quantitative statement of the fact that an ion current is limited at such a value that the electric field from the ions cancels the applied electric field extracting those ions J kE 2 3 , where J is the limiting current and E is the electric field gradient at the surface.
Our approach was therefore to investigate the electrostatics of the original source to see whether modified electric fields required to support larger Cs currents could maintain good focus onto the sample. The calculations of electric fields and ion trajectories in the present work were performed using the code SIMION-6 [1].
The original geometry
The region of interest for calculations of potentials and ion trajectories is shown in figures 1a and b. Notice that while good focus is achieved, the majority of ions initially have directions inconsistent with striking the sample (figure 1b). The observed focus is achieved by the nearly spherical bulges in the equipotentials out from the Cs-focus electrode towards the ionizer. This condition can only exist when the electric field near the surface of the ionizer is low which enforces a low Child's law current limit. For this reason, the Cs current cannot be both intense and well focused, and in this version, the source was capable of 15-20 µA for 12 C .
The modified geometry
In the modified geometry, the focusing is achieved by using a spherical ionizer, for which the initial Cs directions are consistent with converging to a point. The shape of the Csfocus electrode is then free to follow a natural equipotential imposed by the boundary conditions in its absence. Figure 2b shows the calculated trajectories and equipotentials of the modified geometry, and figure 2a, by comparison to figure 1a, shows that the changes are possible with minimal reshaping of the ionizer and Cs-focus. Figure 2c is a photograph of the actual modified ionizer assembly.
There is a tightly focused Cs · beam and at the same time a large field on the ionizer surface. Despite the large Cs · currents available, the extracted 12 C current is limited to 60-70 µA. This is in part because the cathode voltage is limited to 5 kV due to constraints of down stream optics.
Measurements of the Cs current from the modified source can be seen in figure 3 . The ionizer power and Cs reservoir temperature are shown. The three curves correspond to different Cs reservoir temperatures, i.e., effectively different Cs neutral supply rates. The Cs current is limited by electric field for low potentials and limited by Cs neutral supply at high potentials. The curve for the highest reservoir temperature approaches the E
